ABSTRACT We report on a spectroscopic multitechnique approach to study the metal/radical spinterface formed by a perchlorinated trityl radical derivative and either gold or silver. The spectroscopic fingerprint of their paramagnetic properties could be determined by comparison with their diamagnetic precursor and by DFT calculations. Thanks to the presented approach we could gain an unprecedented insight into the radical-metal interaction and how this latter perturbs
the spin polarization and consequently the magneto-electronic properties of the radical adlayer.
The knowledge of the factors influencing the spinterface is an essential tool towards the tailoring of the properties of spin-based electronic devices.
TEXT.
Organic radical derivatives, 1 i.e. metal-free molecular derivatives with an unpaired electron spin, traditionally known as key players in protein chemistry 2 and as tectons of multifunctional materials, 3 have been recently shown as suitable components of spin-based molecular electronic (molecular spintronics) devices. [4] [5] [6] [7] [8] Indeed, their chemical synthetic flexibility, absent in inorganic materials traditionally used in spintronics, 9, 10 allows to engineer specific network structures 11 and their magneto-electronic properties by tuning the strength of the interaction with the surface. [12] [13] [14] This latter is indeed a crucial point for the actual implementation of molecular spintronics in devices since realistic large-scale applications require the fabrication of supported architectures, which assure well-ordered, reproducible and easy-grown structures. Nevertheless, the formation of chemical bonds between the deposited radical molecular derivative and the anchoring metal may change the electronic structure of the molecule and thus the spin polarization (i.e. the magnetic properties). Additionally, the nature of the chemical bonds at the interface governs the spin-injection mechanism into the molecule. Consequently the understanding of the electronic and magnetic properties of the organic radical-metal interface is mandatory towards the realization of operating spintronic devices. Organic radical-metal interfaces can be considered as spinterfaces, a term initially coined for interfaces with a spindependence density of states, 15 since such a property can be attained in these interfaces under a very large magnetic field or at moderate magnetic fields but very low temperatures. Standard 3 microscopy techniques, even though important to visualize the supramolecular arrangements of nano-objects on metal substrates, may not be sufficient to characterize the modifications of the electronic structure induced at the spinterface. Therefore we herein present a multitechnique spectroscopic approach, based on synchrotron and laboratory emission and absorption techniques (e.g valence band and core level photoemission spectroscopies, VB PES and PES; inverse photoemission spectroscopy, IPS; angle-resolved near-edge X-ray absorption spectroscopy, NEXAFS), supported by ab initio simulations to investigate the spinterfaces formed by a perchlorinated trityl radical derivative (tri-p-carboxy polychlorotriphenylmethyl radical, PTMTC, Figure 1a ) and two noble metals, Au(111) and Ag(111). As it will be discussed, we have been able to elucidate the effects of the strength of the molecule-substrate interaction on the electronic properties and on the preservation of the paramagnetism of the first molecular layer.
The molecular orbitals and the structure of PTMTC appear differently perturbed on the two substrates: The strong electronegativity of the chlorine substituents on the PTMTC plays a major role on Ag(111), leading to a strong interaction and hybridization of the molecular orbitals with formation of an interface molecular state with quenching of the paramagnetic character of the layer, while on Au(111), the weaker radical-metal interaction has no effect neither on the electronic nor on the paramagnetic properties, in agreement with what hypothesized in a previous work. 16 Our results reveal that the chemical composition of the organic radical layer and hence the type of interface bonding between the molecule and the metal substrate play a crucial role in the finely tuning of the interfacial electronic and paramagnetic properties.
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The tri-p-carboxy polychlorotriphenylmethyl radical derivative (PTMTC, Figure 1a carbon atom (C 6 , Figure 1a ) from unwanted reactions that could lead to the loss of the radical character. Additionally, the PTMTC shows a high thermal stability that allows sublimation under ultra-high vacuum conditions (UHV), as we demonstrated in a previous work 16 where thin films of PTMTC where prepared on Au(111) and studied by scanning tunneling microscopy (STM).
Herein, we instead used a multitechnique approach to identify the radical spectroscopic fingerprint of multilayered films prepared by UHV sublimation by comparison with the PTMTC diamagnetic precursor (H-PTMTC, Figure 1a) . As it is shown in Figure 1a , the C1s core level PE spectra of the thin films of PTMTC 16 (in red, Figure 1a ) and of its diamagnetic precursor (in black, Figure 1a In order to address the PTMTC-metal interface and understand how the electronic structure of the PTMTC is affected by the interaction with the surface we deposited the PTMTC as 7 submonolayer (subML) and monolayer (ML) on Au(111) and Ag(111). On Au(111), the C1s and Cl2p core level PES do not show significant changes (Figure 2a, black) , while the O1s PES suggests a partial deprotonation of the carboxylic groups (Figure 2b, black) . By recording the Au4f core level PE in surface sensitive mode, we can indeed discard a strong interaction of the PTMTC with the gold substrate (Supplementary Figure 4) . NEXAFS spectra (Figure 2c) show the transition to the SUMO orbital at 282.5 eV and VB PES (Figure 2d) show a feature attributable to the SOMO, at all the investigated coverages, with a BE that decreases with the increase going from subML to ML regime, approaching the value of the SOMO in thin films. The change in the SOMO position is accompanied by the change in the work-function ( Figure   2d , inset) with the coverage: 25 The WF decreases till a minimum at -0.34 eV in correspondence of 0.5 ML, and then it undergoes a slight and continuous increase for higher coverages. The WF trend is compatible with a non-covalent interaction of the PTMTC islands on Au(111) till 0.5ML with the prevalence of the pillow effect, 26 hence supporting the recently suggested hypothesis 16 .
The slight increase observed for coverages higher than 0.5ML implies that additional intermolecular interactions take place at higher coverages. The observed changes in WF are in We can thus conclude that on Ag(111) the molecular orbitals, are deformed, shifted and the relevant features broadened, emerging as new hybrid interface states. 16 We note however that, even though the formation of chemical bonds at the interface may reduce the energy barrier for electron injection, this is not necessarily an advantage for spin injection: the electronic structure redistribution induced the presence of Ag substrate washes out the magnetic polarization of PTMTC, vanishing it application in spintronic devices.
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The spinterface between a trityl radical derivative and either gold or silver has been investigated by means of a multitechnique spectroscopic approach to gain insight on the perturbation caused by the metal substrate to the spin polarization. While on Au(111) the radical/metal interaction is weak and no loss in the spin polarization takes place, 27 
